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ABSTRACT: A method and apparatus particularly suited for
use in aligning an optic system, such as an astronoraical
telescope, employed as a laser beam projector for projecting a
beam of laser light against a celestial target ciﬂd including
therein an arrangement of optically related lenses and mirrors
by which light emanating from a celestial targst is brought in
focus to form an image of the target within the focal plane of
the optic system, and characterized by the utilization of a
beam splitter having a reflecting surface including a
microscopic opening disposed within the path of a projected
laser beam, as well as within the path of the light being
brought in focus, whereby the laser beam is projected through
the optic sysiem toward the target, while the light emanating
from the target is brought in focus in the focal plane of the
system and then redirected by the reflecting surface of the
beam splitter to a second optic system for imaging both the
target and the opening formed in the beam splitter for thereby
accommodating a visual detection of optical align
system for assuring alignment of the syster
target.
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METHOD AND APPARATUS FOR ALIGNING A LASER
BEAM PROJECTOR

ORIGIN OF INVENTION

The invention described herein was made in the
performance of work under a NASA contract and is subject to
the provisions of Section 305 of the National Aeronautics and
Space Act of 1958, Public Law 85-568 (72 Stat. 435; 42 USC
2457).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The instant invention relates to optic systems and more
particularly to a method and apparatus for aligning an optic
systemn employed as a laser beam projector.

2. Description of the Prior Art

The prior art is replete with numerous “aiming™ devices
adapted selectively to direct laser beams toward given targets.
Normally these devices are employed in aligning laser beam
projector systems for directing laser beams to impinge at
specific points located at relatively short distances from the
projector. Hence, limited error in beam direction can be
tolerated. However, in directing laser beams to impinge at
targets such as specific points located on the surfaces of
celestial bodies angular deviation in “‘aiming” becomes quite
critical, due to the extended distances through which the
beam must be projected to the target. Since relative
movement normally occurs between the system and the target,
the target must continuously be tracked. The tracking, in turn,
requires that continuous precise alignment be achieved
between the laser generator, the optic system employed as a
laser beam projector, and the target being tracked.

OBJECTS AND SUMMARY OF THE INVENTION

This invention provides a method and apparatus for aligning
a laser beam projector including an optic system of a type such
as an astronomical telescope, which collimates and projects a
laser beam, while simultaneously imaging the target, for
achieving a continuous boresighting of the system through the
use of a beam splitter disposed in the system’s focal plane and
having a concentric opening through which the laser beam is
projected toward the target being tracked employing the optic
system.

Accordingly, an object of the instant invention is to provide
an improved method and apparatus for aligning a laser beam
projector.

Another object is to provide an improved method for
aligning a laser beam projector employing an optic system of a
type provided with a very long focal length.

Another object is to provide a method for aligning a laser
beam generator and an astronomical telescope utilized as a
laser beam projector and a target being tracked in celestial
space.

Another object is to provide an apparatus including a beam
splitter having a microscopic opening therein for
accommodating passage of a laser beam to an astronomical
telescope for accommodating a boresighting of the telescope
as it is employed in directing a projected laser beam to
impinge on a celestial target.

These together with other objects and advantages will
become more readily apparent by reference to the following
description and claims in light of the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a diagrammatic elevation, not to scale, illustrating
one environment in which the method and apparatus of the
instant invention is employed.

FIG. 2 is a diagram illustrating the apparatus employed in
performing the method of the instant invention.
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2
DESCRIPTION OF THE PREFERRED EMBODIMENT

Turning now to FIG. 1, a coudé telescope 16 is illustrated in
an operative environment mounted within a convenient dome
12 having means including supports 14 for supporting the
telescope for rotation about its axis of declination and a
support 16 for supporting the telescope for rotation about its
optical axis, whereby an optical tracking of a bedy in celestial
space may be achieved by rotating the telescope about its
axes.

While the method and apparatus embodying the principles
of the present invention are particularly useful in conjunction
with the operation of a coudé telescope, employed as a laser
beam projector, it is to be understood that the method and
apparatus may be employed with various types of optical
systems for assuring an attainment of a desired system align-
ment in the tracking of celestial targets. However, since the
coudé telescope has been found to be particularly useful in
tracking celestial bodies and for simultaneously directing a
beam of laser light to impinge at a selected point on the bod-
ies, the description of the present invention includes a
description of its employment with such a telescope.

At the output of the telescope 10, along the optical axis
thereof, there is positioned a laser generator 18. The laser
generator is mounted by any convenient means including a
mounting plate 20 supported by a three-axis pedestal 22, of 2
type commonly called a three-axis television camera pedestal.
The pedestal 22 is of a design which includes support means
for supporting the plate 20 for rotation about three
intersecting orthogonal axes. The pedestal, in turn, is
supported through a base plate 24 secured to a suitable mount
26 of a design and construction adapted to rigidly support the
pedestal in an operative disposition.

In practice, the laser generator 18 is of a type frequently
referred to as a water-cooled, argon laser generator.
Therefore, the generator is provided with water cooling
means, not designated, for cooling the laser in anv suitable
fashion. In practice, the generator is mounted on the support
plate 20 in a manner such that its output beam 27 is directed
along the optical axis of the associated telescope 18.

In order to properly match the output of the laser with the
secondary optic system of the coudé telescope, there is
provided a condensing lens 28, mounted in a bracket 29, and
operatively supported between the secondary optics of the
telescope and the output of the laser. As a practical matter,
the condensing lens 28 is a convex lens of a type such that the
focal ratio of the converging beam almost matches the focal
ratio of the coudé focus of the telescope 10. The lens 28, as
best illustrated in FIG. 2, is so located that the point at which
the laser beam is focused is located along the optical axis and
in the focal plane of the output lens 30 of the telescope 10.
Consequently, it can be appreciated that, in practice, the
telescope also is employed for recollimating the focused laser
beam 27 as it directs the beam toward a selected celestial
target. ‘

In employing the telescope 1€ for simultaneously tracking
and projecting a laser beam toward the target, the telescope is
employed in the usual manner by selectively effecting rotation
of the telescope’s optic system about its axes in order to
continuously aim or align the telescope relative to a given
target in a manner such that the light 31 emanating from the
target is accepted and focused at the output of the telescope
10. However, in order to achieve the desired alignment, a
beam splitter 32 is mounted to extend through the focal plane,
transversely of the laser beam as it is directed toward the
telescope, as well as the light emanating from the target
through the output of the telescope.

In practice, the beam splitter 32 is formed by providing 2
suitable aluminized reflective surface to reflect and thus
redirect the light 31 emanating from the target along 2
divergent path. The beam splitter is mounted by a suitable
bracket 34 in a manner such that it is caused to extend at a 45°
angle relative to the optical axis of the telescope 10.
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Within the center portion of the beam splitter there is

provided microscopic opening 36. This opening is
ultrasonically drilled at an angle of 45° relative to the
reflecting surface so that the opening may be disposed in
conceniric alignment relative to the optical axis of the
telescope. In practice, the opening has a diameter of
approximately 200 micromillimeters. The purpose of the
opening 36 is o accommodate a passage of the focused laser
beam 27 as it is directed toward the output lens 3@ of the
telescope 10 50 that the light 31 emanating from the target
may be directed along a path extending orthogonally from the
optical axis of the telescope 10, while the projection of the
laser beam 27 along the optical axis is accommodated. Hence,
the size of the opening 36 1s such that it neither interferes with
the laser beam nor obliterates a significant portion of the
surface of a target during tracking operations.
As the light 31 is redirected by the beam splitter 32, it is
sed to impinge upon the input lens 38 of a second opnc
e 40, In practice, the second optic system 40 comprises a
compound telescope having a suitable eyepiece 42 which
erves as a means for accommodating the visual observation of
t manating from the target. This second optic system
pported by a suitable bracket 44 and in a manner
such that the position operatively established between the
beam splitter 32 and the microscope is fixed. Consequently,
the microstope continuously is directed toward the opening
36 formed in the reflecting surface of the beam splitter 32.

As a practical matter, the optical alignment established
between the luser 18, the opening 36 of the beam splitter 32,
and the microscope 40 may be varied as required, since each
of these devices is independently mounted on the base support
22 in a manner such that relative positioning thereof may
readily be achieved.

In practice, an observer visually observing the beam splitter
32 will encounter a certain amount of laser light backscatter,
therefore, a suitable filier 46 is provided and mounted in
suitable brackeis 48, The . filter operatively is interposed
betwe n splitter and the microscope 40 at a location
suitabl ing laser light from the light directed toward
the eyepiece 42 of the microscope 40 and thereby serves as a
safety device for protecting the eyes of the observer.

OPERATION

It is believed that in view of the foregoing description, the
operation of the device will be readily understood and it will
be briefly reviewed at this point. In operation, the position of
the laser generator 18 is adjusted so that the laser beam 27 is
directed along the optical axis of the generator. As a practical
matter, the generator also is adjusted to optimize the intensity
distribution Gf its output. With the lens 28 and the beam
splitter 32 removed from the system, the laser beam is
directed along the optical axis of the coudé secondary optic
system of the telescope 10. By employing the various axes of
the pedestal 22, it is possible to position the laser generator so
that the projecied beam is symmetric about the optical axis,
while the light 31 returning from a given target, as directed by
the coudé secondary optic system, is symmetric about the
laser beam. When such a condition exists, the shadow of the
optical axis cross wire of the coude secondary optic system
will appear at the output end plate of the laser generator and,
when the system is properly aligned, will coincide with the
Hluminated area formed by the laser output beam at the
generator’s end plate.

The condensing lens 28 is then inserted in the bracket 29
and adjusted in a manner such that the aperture of the
gelescope 10 is uniformly illuminated. This may be achieved
by directing the telescope in a manner such that the laser
beam 27 is caused to impinge to form a spot on the inside of
the dome 12.

The beam splitter 32 is now positioned in the bracket 34 ina
manner such that it extends through the focal plane of the
output derived from the coud€ secondary optic system. The
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position of the condensing lens 28 is adjusted so that the laser
beam 27 is focused at a point lying in the center of the opening
36, whereby the beam 27 is caused to pass through the
opening 36 in an unobstructed manner and permitted to
impinge on the lens 30 of the telescope 10. The positioning of
the lens 28 and the beam splitter 32 is so adjusted so that the
laser beam is caused to uniformly fill the telescope aperture.

With the system thus aligned, the telescope 10 is pointed
toward a selected celestial target with the collimated beam 27
of laser light being projected from the telescope, while the
light 31 emanating from the target is brought in focus and
reflected by the beam splitter 32 to the second optic systemn 40
where alignment is visually confirmed. The telescope
operatively is guided so that the image of the selected target is
brought into a concentric relationship with the image of the
opening 36, as viewed by an observer looking through the
eyepiece 42 of the system 40. Upon achieving symmetry
between the opening through which the laser beam is passed
and the image of the target provided by the output of the
telescope, alignment of the system is confirmed and proper
direction of the beam 27 is assured. By continuously and
visually observing the position of the image of the target
relative 1o the opening through which the laser beam is
projected, continuous alignment for a laser beam projector
relative to the targetis achievable.

Hence, in view of the foregoing, it should be appreciated
that the method and apparatus embodying the present
invention provides a simplified solution to the complex
problem of aligning laser beam projectors, particularly
projectors of a type which employ optical systems commonly
employed in examining celestial space.

Although the invention has been herein shown and
described in what is conceived to be the most practical and
preferred method and apparatus, it is recognized that
departures may be made therefrom within the scope of the
invention.

We claim:

1. In a method for aligning with a selected target a laser
beam projector of a type adapted to track a target, the steps
of:

directing a collimated beam of laser light toward a first focal
plane from a source of laser light;

focusing said collimated beam of laser light at a focal point
located in said focal plane;

collecting light rays emanating from a selected target and
imaging the target in said first focal plane so that the
target image assumes a concentric relationship relative to
said focal point;

deflecting the target image from said focal plane along a
given path by means including a reflective surface having
an opening coincident with said focal point,
throughwhich the rays of the focused laser beam are
projected to the target;

viewing along said given path the deflected target image and
the opening; and

maintaining said target image and opening in a concentric
symmetric relationship.

2. The method according to claim 1 wherein the focused
rays of the laser beam are recollimated and directed toward
the target.

3. An apparatus for use in aligning with a selected target a
laser beam projector of the type adapted to track a light ray
emanating target comprising:

a first optic system having an optical axis and including
therein a mirror and lens system for collecting light rays
emanating from a selected target and focusing the rays for
imaging the target in a first focal plane concentric with
said axis;

a laser generator mounted in coaxial relationship with said
first optic systemn and displaced therefrom with the first
focal plane being disposed therebetween,

a condensing lens disposed between the generator and the
first focal plane for focusing the laser beam at a point
located along the optical axis and within said focal plane;
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a beam splitter disposed within the first focal plane brought into symmetric registry for thereby establishing
including a reflecting surface arranged to intercept and to and maintaining coaxial alignment between the first optic
deflect light rays emanating from the target along a given system and the generator so that the focused laser beam
path and including means defining thersin an axial may be caused to pass through the first opuic system for
opening for accommodating passage of the focused laser 3 subsequent impingement on the target.
beam for subsequent impingement on the surface of the 4. The apparatus according to claim 3 wherein the first
mirror and lens system of the first optic system; and optic system comprises an astronomical telescope and g

a second optic system disposed in said given path including second optic system compri.ses a com.pounxfj FIETOSCope.
means for achieving a symmetric imaging of the target 5_' The apparatus according to claim 4 ?U‘ ner including an
and the means defining the axisl opening in said reflecting 10 optic filter disposed between the beam splitter and the "wﬁpd
surface, whereby the position of the first optic system optic systern for inhibiting the passage of laser light back-

relative to the target may be varied so that the image of ~ Scatter through said second optic system.
the axial opening and the image of the target may be
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